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Photosynthesis and transpiration of the subtropical 
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controlled conditions 
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Department of Biological Sciences, University of Natal, Durban 
The gas exchange characteristics of single, attached leaves of 
the subtropical coastal sand dune pioneer Scaevola plumieri (L.) 
Vahl (S. thunbergii Eckl. & Zeyh.) were studied. Maximum rates of 
photosynthesis under experimental conditions were approximately 
12 ~mol C02 m - 2s - \ the temperature optimum was broad, 
centred around 22- 30°C, light saturation occurred at about 
1 000 ~mol m- 2s - 1 PPFD and the C02 compensation point was 
60 ~I 1- 1, all suggesting that the plant possesses the C3 pathway 
of photosynthesis. There was a direct stomatal response to 
humidity but transpiration was affected to a much greater extent 
than net C02 assimilation, suggesting that internal conductances 
were lower than stomatal conductances. Rates of photosynthesis 
declined markedly with leaf age. Stomatal conductances were 
reduced but there was a slight increase in leaf intercellular C02 
concentrations implying reductions in internal conductances. 
Water use efficiencies were low and declined with leaf age. It is 
concluded that the plant does not show any noticeable photosyn-
thetic characteristics that make it particularly suited to its 
habitat. 
S. Afr. J. Bot. 1985, 51: 421 - 424 
Die gaswisselingskenmerke van enkel, vasgehegte blare van die 
subtropiese kus-sandduinpionier Scaevola plumieri (L.) Vahl (S. 
thunbergii Eckl. & Zeyh.) is bestudeer. Die fotosintesetemQo 
onder optimale toestande was ongeveer 12 ~mol C02 m- 2s - \ 
die optimumtemperatuur het 'n wye speling gehad met die 
middelpunt ongeveer 22- 30°C, ligversadiging het by ongeveer 
1 000 ~mol m- 2s- 1 PPFD plaasgevind en die C02-kompensasie-
punt was 60 ~I 1- \ wat alles daarop dui dat die plant die C3-weg 
van fotosintese het. Daar was direkte reaksie van huidmondjies 
op vogtigheidsgraad, maar transpirasie is tot 'n groter mate 
be'lnvloed as C02-opname, wat daarop dui dat interne 
geleibaarheid laer was as geleibaarheid van huidmondjies. 
Fotosintesetempo het merkbaar afgeneem met blaarouderdom. 
Huidmondjie-geleibaarheid het afgeneem maar daar was 'n 
effense toename in blaarintersellulere C02-konsentrasie wat 
afname in interne geleibaarheid impliseer. Doeltreffendheid van 
watergebruik was laag en het afgeneem met blaarouderdom. Die 
afleiding word gemaak dat die plant geen merkbare fotosintetiese 
kenmerke wat dit besonder goed by sy habitat laat aanpas, loon 
nie. 
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Introduction 
Scaevola plumieri (L.) Vahl ( = Scaevola thunbergii Eckl. & 
Zeyh.) is an important primary colonizer of the sand dunes 
of southern Africa, building dunes by growing through 
accreting sand. It has erect stems, up to 800 mm above soil 
level, with large (up to 120 x 70 mm) sessile, elliptic to 
obovate leaves and internode lengths between 5 and 30 mm. 
The plant shows sequential leaf senescence with 15 - 30 leaves 
per stem. It grows well in accreting sand, branching prolifically 
and trapping wind-blown sand. Adventitious roots are 
produced from the stems as they become buried and a well 
vegetated fore-dune up to 8 m high will have a below-ground 
network of interwoven stems that may have originated from 
only two or three individual plants. 
The components of the physical environment of coastal 
sand dunes have been reviewed extensively (Ranwell 1972; 
Chapman 1976; Barbour et a/. 1985). High daytime 
temperatures , high light intensities and high wind speeds result 
in high potential evapotranspiration. Wind-blown sand and 
salt spray are associated with the winds. Barbour eta/. (1985) 
have pointed out the need for detailed ecophysiological 
information for an understanding of beach and dune plant 
communities and have highlighted the paucity of data from 
studies using modern gas exchange and water balance tech-
niques . 
Studies into the ecophysiology of S. plumieri are being 
undertaken and this article reports the results of investigations 
into the response of photosynthesis and transpiration to 
environmental parameters and to leaf age. To enable measure-
ments to be made under controlled conditions field grown 
plans were transferred to the laboratory. 
Materials and Methods 
Isolated plants of S. plumieri growing on the beach were 
transferred to 200 mm pots in beaeh sand and then enclosed 
in small transparent humid chambers for up to a month to 
allow re-establishment. Plants were theri transferred to walk-
in controlled environment cabinets with a 14 h daylength, 
daytime temperature of 28°C and a night temperature of 20°C 
for two weeks prior to the start of measurements . All gas 
exchange measurements were made on leaves that had been 
produced in the field . 
Gas exchange measurements were made on an open system 
and C02 and H20 vapour were measured on ADC (Analytical 
Development Company Ltd Hoddesdon, Herts, U.K.), infra-
red gas analysers (IRGA) in the differential mode. The air 
stream was humidified and then dehumidified to the required 
dew point by bubbling it through water at the required 
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temperature. The H20 vapour IRGA was calibrated by using 
two air streams of different dew points. Unless otherwise 
stated leaf to air vapour pressure deficit (VPD) was maintained 
at less than 2 kPa. Light was provided by a 1 000 W Xenon 
lamp and light intensity was varied using neutral density ftlters . 
Photosynthetic photon flux density (PPFD) was measured 
with a LiCor 190S quantum sensor. The leaf chamber was 
made of Perspex and was constructed in two halves 38 mm 
in diameter and 10 mm in depth which clamped together on 
each side of the leaf. Leaf temperature was controlled by 
varying the temperature of the water passing through the 
chamber water jacket. Leaf and air temperatures were 
measured with fine wire thermocouples, which, for leaf 
temperature, were attached to the underside of the leaf. 
All measurements were made on at least three plants, a total 
of six plants being used for the entire study. Except for the 
study of the effect of leaf age, all measurements were made 
on mature but not old leaves (generally leaf 12, counting the 
youngest leaf as leaf 1, on plants with 17-21 leaves). The 
response to temperature was determined between about 10 oc 
and 45 °C, starting at the low end of the range. Response 
to PPFD was measured by exposing leaves to saturating light 
intensities and reducing intensities in steps to complete 
darkness; leaf temperatures were kept constant. The effect 
of VPD was measured at constant leaf temperature from low 
to high deficit. Carbon dioxide compensation points were 
measured in a closed system with the IRGA in absolute mode. 
Boundary layer resistance to water vapour transfer was 
measured using a filter paper leaf replica. Rates of photo-
synthesis and transpiration and stomatal conductances to gas 
exchange were calculated according to Jarvis (1971). Stomatal 
conductances of the adaxial and abaxial surfaces were assumed 
to be equal (preliminary field observations with a diffusive 
resistance porometer indicate that this is the case). Average 
C02 concentration in the intercellular air spaces ( C;) was 
calculated as 
C; = Ca - (1,6 X A l gwv) 
where Ca is the ambient COz concentration, A is the net COz 
assimilation rate and gwv is the stomatal conductance to water 
vapour transfer (Longstreth eta!. 1984). Internal (mesophyll) 
conductance can be determined as the initial slope of the 
response of A to C; (Farquhar & Sharkey 1982). In the present 
study this initial slope was estimated by the relationship 
k = A I(C;-COz compensation point) 
(Longstreth & Nobel 1979; Farquhar & Sharkey 1982). Leaf 
to air VPD was calculated assuming intercellular air spaces 
were vapour saturated at leaf temperature. Water use 
efficiencies were calculated as mg C02 (g HzO)- 1 normalized 
to a VPD of 1 kPa. All results were expressed on a projected 
area basis. 
Results 
There was considerable variation m the rates of COz 
assimilation amongst individual plants. Figure 1 shows the 
response of net COz assimilation to leaf temperature. There 
was a fairly broad temperature optimum, centred around 
22- 30°C, with photosynthesis being nearly 400Jo of maximum 
at 10°C and 60% of maximum at 40 oc. The response of 
net C02 assimilation to PPFD is shown in Figure 2. Although 
variable amongst plants, light saturation had generally 
occurred by a PPFD of about 1 000 Jlmol m - 2s- 1• 
Compensating PPFD values (PPFD at which net COz 
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Figure 1 The response of net C02 assimilation rates (A) of Scaevola 
plumieri to leaf temperature. The different symbols refer to different 
plants. The figures next to the curves represent the PPFD values at 
which the trials were conducted. 
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Figure 2 The effect of photosynthetic photon flux density (PPFD) 
on net C02 assimilation rates (A) of Scaevola plumieri. The different 
symbols refer to different plants. The figures next to the curves are 
temperatures (°C) at which the trials were conducted. 
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Figure 3 The effect of vapour pressure deficit (VPD) on (a) net C02 
assimilation rates (A); (b) transpiration (E); and (c) stomatal conductance 
to water vapour tranfers (gwv) of Scaevola plumieri. The different 
symbols represent different plants, the same symbol in (a), (b) and (c) 
referring to the same plant. The figures next to the curves in (a) give 
the PPFD values and leaf temperatures at which the trials were 
conducted . 
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assimilation is zero) were 15- 30 j..lmol m- 2s- 1 except for 
one plant that had a value close to 100 j..lmol m - 2s - 1• In 
the experimental runs darkness did not induce total 
stomatal closure and measurable transpiration occurred in 
the dark. 
The effect of leaf to air vapour deficits are shown in Figure 
3. Light intensities and leaf temperatures were such that 
photosynthesis would have been over 900Jo of maximum. 
Vapour deficits of up to 3,1 kPa had a negligible effect on 
C02 assimilation (Figure 3a), whereas the effect on 
transpiration was quite marked, with the response to VPD 
above 1 ,5 kPa being non linear (Figure 3b ). This was due 
to a decrease in stomatal conductance at high VPD values 
(Figure 3c). (Conductances at vapour deficits below 1,4 kPa 
are not included because difficulties in calibrating the water 
vapour IRGA at low deficits rendered these conductance 
values unreliable.) Despite this response of stomata to vapour 
deficits, C02 assimilation was virtually unaffected, suggesting 
that internal conductances were considerably lower than 
stomatal conductances. 
There was a marked decline in rates of C02 assimilation 
with leaf age (number) (Figure 4), but the oldest leaves still 
showed a positive carbon balance. Stomatal conductances 
declined with leaf age (Figure Sa) but there was a slight but 
definite increase in intercellular C02 concentrations (Figure 
5b). This suggests a decline in internal conductances with leaf 
age. 
Water use efficiencies varied considerably with conditions 
particularly in response to VPD, but under high light con-
ctitions (PPFD ~ 680 j..lmol m - 2s - 1) the mean value obtained 
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Figure 4 The effect of leaf age (number) on net COz assimilation rates 
(A) of Scaevola plumieri. The different symbols refer to different plants. 
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Figure 5 The influence of leaf age (number) on (a) stomatal 
conductance to COz transfer (gc0 ,), and (b) intercellular C02 
concentration (ci). The same symbol in Figures 4 & 5 refers to the same 
plant. 
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was 10,9 ± 2,7 mg C02 (g H20.kPa- 1 VPD)- 1 (n==2l). 
The differential response of stomatal and internal con-
ductances to leaf age was reflected in the change in water use 
efficiency with leaf age, the older leaves having a value of 
one half to one quarter of that of young expanding leaves. 
For mature, but not old leaves (leaf numbers 9- 14) and 
under high light conditions (PPFD ~ 680 j..lmol m- 2s- 1) the 
mean value of k (estimate of internal conductance) was 0,88 
± 0,36 mm s- 1 and the mean value of C (intercellular C02 
concentration) was 274 ± 15 j..tl 1- 1 (n == 25). 
The C02 compensation concentration was found to be 60 
± 9 j..tll - 1• 
Discussion 
Scaevola plumieri does not grow well under greenhouse or 
controlled environment conditions. If grown from seed the 
plants produced are stunted with small thin leaves and short 
internodes. Well established plants from the field that have 
been potted and transferred to the greenhouse produce new 
leaves which are similarly small with short internodes. 
Furthermore, once a plant has been transplanted into a pot 
the photosynthetic rates of the mature leaves decline slowly 
and after a period of three to four months rates are so low 
as to be unmeasurable. Thus all the measurements reported 
here were made on leaves that had been produced in the field 
and the measurements were made in as short a time as possible 
after the plants were established in the pots (within six weeks 
of transfer to the growth cabinets). 
Maximum rates of net C02 assimilation of S. plumieri 
measured in this investigation (12 j..lmol m - 2s- 1) are at the 
low end of the range normally associated with C3 plants 
[14- 40 f..lmol C02 m - 2s - 1 (Jones 1983)] and are about half 
those of three dicotyledonous C3 species (De Jong 
1978a,b) and two C3 grasses (Pavlik 1983) of the California 
beaches (both studies on greenhouse grown material). How-
ever, photosynthetic rates for S. plumieri in its natural habitat 
might well be greater than the values reported here for 
specimens transplanted into pots. The temperature optimum 
was somewhat higher than that reported for most C3 species 
(predominantly temperate species) but the optimum is broad 
and photosynthesis would appear to be well adapted to the 
temperatures that may be experienced by the plant throughout 
the year. Light saturation occurred at a photon flux density 
of about 1 000 j..lmol m - 2s - 1 and the C02 compensation 
point was 60 j..tl 1 - 1. These data, together with the lack of 
Kranz anatomy (unpublished observations), indicate that 
s. plumieri possesses the c3 pathway of photosynthesis. 
The mean value of k [calculated as k == AI(C-C02 
compensation point)] for mature leaves of S. plumieri 
was 0,88 mm s- 1. If A and C are not linearly related 
this will be an underestimate of internal (mesophyll) 
conductances. None the less, it is considerably lower than 
the mean value of internal conductances of 0,46 em s- 1 
found by DeJong (1978a) for three dicotyledonous C3 beach 
species and values of 3,1 and 2,1 mm s- 1 for the dune 
grasses Ammophila arenaria and Elymus molli, respectively, 
growing under low nitrogen regimes (Pavlik 1983). These low 
internal conductances of S. plumieri gave rise to high values 
of C (mean 274 j..tl 1- 1) for mature leaves. Stomatal 
conductances to water vapour transfer of S. plumieri (mean 
6,4 mm s -I) were also lower than leaf conductances reported 
by De Jong (1978a) (mean 1,8 em s- 1) but similar to 
those reported for dune grasses (4,1- 8,1 mm s -I, depending 
upon nitrogen supply) (Pavlik 1983). 
Water use efficiencies will be affected by vapour deficits 
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and so they are frequently normalized to a VPD of I kPa 
(Rawson et a!. 1977). This assumes a linear relationship 
between transpiration and VPD, which was not the case for 
S. plumieri (Figure 3). Thus values were variable but a mean 
of 10,9 mg COz (g HzO.kPa- 1VPD) - 1 is lower than the 
average of 18 for three C3 beach species reported by DeJong 
(1978a) and 18-24 for the C3 dune grasses found by Pavlik 
(1983), and lower than the range 18-24 for a number of C3 
species (Rawson et a!. 1977). The low water use efficiency 
of S. plumieri is in accordance with the mean value of the 
ratio of stomatal conductance to k being 4,3 compared with 
mean values of stomatal to internal conductances of 2,5 for 
the C3 dicotyledonous beach species (DeJong 1978a) and 1,3 
for the C3 dune grasses (Pavlik 1983). It might appear 
surprising that a plant growing in an exposed habitat with 
a high potential evapotranspiration should have a low water 
use efficiency. However, preliminary field observations suggest 
that rainfall is more than adequate to meet these transpiration 
demands of S. plumieri (Pammenter 1983) and the plants do 
not appear to suffer water stress. Furthermore, there is a direct 
stomatal response to humidity so that water use efficiency will 
increase when the evaporative demand is high [the highest 
water use efficiency measured was 16,8 mg COz 
(g H20.kPa - 1VPD) - 1 at a vapour deficit of 3,1 kPa] . 
In the studies reported here leaf number has been taken 
as a measure of leaf age. The oldest leaf studied would have 
been about 180 days old, but as the rate of leaf production 
varies with season there will not be a linear relationship 
between leaf number and age. There was a marked decline 
in rates of net COz assimilation with leaf age (number) . 
Constable & Rawson (1980) have shown that the age-related 
decline in photosynthesis of cotton leaves is associated with 
declines in both stomatal and internal conductances. The ratio 
of the conductances remained approximately constant such 
that internal C02 concentrations and water use efficiencies 
were also constant. In S. plumieri, although stomatal 
conductances declined with leaf age, there was a concomitant 
incre?.se in intercellular COz concentrations (Figure 5). This 
implies that changes in the mesophyll cells were more 
important than changes in stomatal conductance in affecting 
rates of C02 assimilation (Farquhar & Sharkey 1982). This 
would account for the decrease in water use efficiencies with 
leaf age. 
Field measurements of net C02 assimilation by S. plumieri 
are required to check the absolute rates reported here. If these 
are low then the estimates of internal conductances and water 
use efficiencies reported here will be low. However, the gas 
exchange characteristics of S. plumieri appear to be those of 
a conventional C3 species. Except for the direct stomatal 
response to humidity there is nothing remarkable about its 
gas exchange physiology that makes the plant particularly 
suited to its exposed habitat. Its success must be consequent 
on some other physiological or morphological characteristics 
such as its growth response to accumulating sand and 
tolerance of salt spray. 
Note added in proof: Preliminary measurements obtained 
recently with a portable IRGA yielded net C02 assimilation 
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rates by S. plumieri in the field of 5,8-8,8 J..tmol m - 2 s - 1 
(PPFD 500- 700 J..tmol m - 2 s - 1, air temperature 25°C, leaves 
10- 12, three separate plants). This suggests that the 
assimilation rates reported in this paper may not be 
unrepresentative of the rates occurring in plants in the field. 
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